Laminin_G_3 modules can exist together with family-43 catalytic modules of glycoside hydrolase (GH43), but their functions are unknown. Here, a laminin_G_3 module and a GH43 module derived from a Ruminiclostridium josui modular arabinofuranosidase Abf43A-Abf43B-Abf43C were produced individually as RjLG3 and RjGH43_22, respectively, or combined as RjGH43-1 to gain insights into their activities. Isothermal calorimetry analysis showed that RjLG3 has high affinity toward 3 2 -a-L-arabinofuranosyl-(1,5)-a-L-arabinotriose but not for a-1,5-linked arabinooligosaccharides, which suggests that RjLG3 interacts specifically with a branched arabinofuranosyl residue of an arabinooligosaccharide but not an arabinofuranosyl residue at the end of a-1,5-linked arabinooligosaccharides. RjGH43-1 (with CBM) shows higher activity toward sugar beet arabinan than RjGH43_22 (without CBM), which suggests that the LG3 module in RjGH43-1 plays an important role in substrate hydrolysis as a carbohydrate-binding module.
Laminin_G_3 modules can exist together with family-43 catalytic modules of glycoside hydrolase (GH43), but their functions are unknown. Here, a laminin_G_3 module and a GH43 module derived from a Ruminiclostridium josui modular arabinofuranosidase Abf43A-Abf43B-Abf43C were produced individually as RjLG3 and RjGH43_22, respectively, or combined as RjGH43-1 to gain insights into their activities. Isothermal calorimetry analysis showed that RjLG3 has high affinity toward 3 2 -a-L-arabinofuranosyl-(1,5)-a-L-arabinotriose but not for a-1,5-linked arabinooligosaccharides, which suggests that RjLG3 interacts specifically with a branched arabinofuranosyl residue of an arabinooligosaccharide but not an arabinofuranosyl residue at the end of a-1,5-linked arabinooligosaccharides. RjGH43-1 (with CBM) shows higher activity toward sugar beet arabinan than RjGH43_22 (without CBM), which suggests that the LG3 module in RjGH43-1 plays an important role in substrate hydrolysis as a carbohydrate-binding module.
Keywords: Arabinofuranosidase; carbohydrate-binding module; Laminin_G_3; Ruminiclostridium josui Glycoside hydrolases (GHs) represented by cellulases and xylanases generally have modular architectures, that is, these enzymes consist of various functional modules including a catalytic module(s), a carbohydrate-binding module(s) (CBM), and/or an additional functional module(s). Catalytic modules responsible for the hydrolytic activity of GHs are classified into GH families based on amino acid sequence similarities and CBMs are also similarly grouped into families (CAZy database, http://www.cazy.org/) [1] . CBMs are particularly important in these enzymes because they interact with the substrate to bring the full-length modular enzyme to target substrates and thus enhance the concentration of the substrate around the GH modules [2, 3] . Therefore, appropriate combinations of GH modules and CBMs are likely to be important for ensuring maximum activity of the GH modules. Family-3 CBMs with high affinity for crystalline cellulose are mainly found in bacterial cellulases and scaffolding proteins involved in cellulosome (cellulolytic multienzyme complex) assembly [4] , whereas family-1 CBMs are usually found in fungal cellulases [2] . The presence of some CBMs change the substrate specificities of GH modules [5, 6] , or alter hydrolysis products [7] , which suggests that CBMs can play crucial roles in regulating the hydrolytic activity of the GH modules in addition to facilitating enzyme access to substrates.
Among GH families, the large family GH43 is known to include various kinds of hemicellulases such as xylanase (EC 3.2.1.8), b-xylosidase (EC 3.2.1.37), Abbreviations CBM, carbohydrate-binding module; GH, glycoside hydrolase; ITC, isothermal calorimetry; LG3, laminin_G_3; pNP-Af, 4-nitrophenyl a-L-arabinofuranoside; pNP-Xp, 4-nitrophenyl a-L-xylopyranoside. a-L-arabinofuranosidase (EC 3.2.1.55), arabinanase (EC 3.2.1.99), and galactan 1,3-b-galactosidase (EC 3.2.1. 145). In addition, GH43 includes new types of arabinanolytic enzymes such as exo-a-1,5-L-arabinofuranosidase [8] and exo-a-1,5-L-arabinanase [9] . According to the CAZy database (accessed in October 2018), more than 11 000 GH43 enzyme sequences are registered and 115 enzymes have been biochemically characterized. Mewis et al. [10] have recently subdivided this family into 37 subfamilies, GH43_1 to GH43_37, based on amino acid sequence similarity, and have shown strong associations between some GH43 subfamilies and CBM6 or CBM13. In addition, they found the presence of large modular proteins containing up to three GH43 modules.
Ruminiclostridium josui was originally isolated as Clostridium josui from Thai compost [11] and reclassified into the genus Ruminiclostridium based on 16S rRNA gene sequencing analysis [12] . This bacterium is a mesophilic cellulolytic anaerobe that produces a cellulosome, a cellulolytic multienzyme complex [13, 14] , containing hemicellulases such as xylanase and GH43 a-L-arabinofuranosidase as well as cellulases [15, 16] . We recently found a large modular enzyme, Abf43A-Abf43B-Abf43C, containing three GH43 modules. Abf43A-Abf43B-Abf43C consists of an N-terminal signal peptide, a lamin_G_3 (LG3) module, a GH43_22 module, a LG3 module, a bacterial Ig-like (Big) module, a GH43_26 module, a GH43_34 module, and a dockerin module (WP_024834488). Although LG3 modules are sometimes placed together with GH43 modules in modular enzymes and are expected to be CBMs, their functions have not been biochemically characterized.
In this study, we produced the first LG3 module and the GH43_22 module individually and in combination by using Escherichia coli expression systems, and characterized these three polypeptides. We found that the LG3 module was a CBM that interacted with a branched arabinose residue of sugar beet arabinan, a branched arabinan. We also discuss the importance of the LG3 module in the degradation of the substrate in the modular enzyme.
Materials and methods
Bacterial strains, plasmids, and culture medium
The genomic DNA of R. josui JCM 17888 was isolated [11] . The plasmid pET-28aDN-His (Fig. S1 ), a derivative of pET28a(+) (Novagen, Madison, WI, USA), was used as the expression vector for production of recombinant proteins in combination with E. coli BL21-CodonPlus(DE3)-RIPL Expression and purification of RjGH43-1, RjLG3-1, RjGH43_22, and mutants of RjLG3-1
The gene encoding the region from the first LG3 to GH43_22 of Abf43A-Abf43B-Abf43C ( Fig. 1) S1 ) to give plasmid pET28a(+)-GH43-1.
The translated product RjGH43-1 contained amino acid residues 31-751 of Abf43A-Abf43B-Abf43C (Fig. 1) . The genes encoding the first LG3 and GH43_22, respectively, were amplified as described above but using the PCR primer sets: products were inserted into pET-28a(+) to yield plasmids pET28a(+)-LG3-1 and pET28a(+)-GH43_22. RjLG3-1 contained Abf43A-Abf43B-Abf43C residues 31-344 and RjGH43_22 contained residues 336-751. These proteins contained a 69His-tag at their C termini (Fig. 1) . Two tryptophan residues at positions 152 or 169 and three tyrosine residues at positions 133, 184, or 232 in RjLG3-1 were separately exchanged to alanine by sitedirected mutagenesis using the PrimeSTAR mutagenesis basal kit (Takara Bio, Kusatsu, Japan; Fig. 1 ). To construct the mutant plasmids pET28a(+)-LG3(Y133A), pET28a(+)-LG3(W169A), pET28a(+)-LG3(Y184A), and pET28a(+)-LG3(Y232A), the pET28a(+)-LG3 plasmid was used as a template for PCR amplification with primer pairs: Schematic diagrams of R. josui Abf43A-Abf43B-Abf43C, its truncated derivatives used in this study and some LG3-containing proteins (A), and alignment (B) and phylogenetic tree (C) of LG3 sequences. Amino acid sequence alignment and phylogenetic tree were analyzed and drawn by using the MUSCLE analysis in Phylogeny.fr (http://www.phylogeny.fr/). Amino acid residues conserved in all of five LG3 sequences are marked with asterisk below the sequences. Aromatic amino acid residues highly conserved and changed to Ala in RjLG3-1 are boxed. Numbers refer to amino acid residues at the start of the respective lines; all sequences are numbered from Met-1. Abf43A-Abf43B-Abf43C, R. josui Abf43A-Abf43B-Abf43C (WP_024834488); BoCBP, B. ovatus putative carbohydrate-binding protein (WP_004299795); GsAbnA, G. stearothermophilus endoarabinanase AbnA (ACE73680); RtSLH, R. thermocellum SLH domain-containing protein (WP_020457846); BoLG3, LG3 of BoCBP; GsLG3, LG3 of GsAbnA; RtLG3, LG3 of RtSLH.
pET28a(+)DN-His because we could not obtain pET28a(+)-
LG3(W152A) by site-directed mutagenesis. Each mutation in pET28a(+)-LG3 was confirmed by DNA sequencing. All target proteins produced by recombinant E. coli BL21-CodonPlus(DE3)-RIPL cells were purified by HisTrap HP column chromatography (GE Healthcare Japan, Tokyo, Japan) and according to the supplier's protocol. Each purified protein was subject to SDS/PAGE [17] and gels were stained with Coomassie Brilliant Blue Stain One (Nacalai Tesque, Kyoto, Japan). Protein concentrations were determined by spectrophotometry based on ultraviolet absorption.
Enzyme assays
Hydrolytic activities of RjGH43-1 and RjGH43_22 were measured by incubating the proteins with sugar beet arabinan (Megazyme, Wicklow, Ireland) in 20 mM piperazine-N, N 0 -bis(2-ethanesulfonic acid) (PIPES) buffer (pH 6.1) at 45°C. The reducing sugars released from the substrate were determined using the Somogyi-Nelson method [18] with arabinose as the standard. Enzyme activities toward linear 1,5-a-arabinan (Megazyme) were similarly determined but the incubation time was 19 h. RjGH43-1 and RjGH43_22 activities were also determined using 4-nitrophenyl a-L-arabinofuranoside (pNP-Af) (Sigma-Aldrich Japan, Tokyo, Japan) as the substrate by 5-min incubation periods in the same buffer. The amount of 4-nitrophenol released from pNP-Af was measured by the absorbance at 420 nm after the addition of 1 M sodium carbonate. All enzyme assays were carried out at least in triplicate.
Native affinity PAGE
Native affinity PAGE of RjLG3-1 was performed using native PAGE gels (7.5%) containing soluble polysaccharides (0.5% each): sugar beet arabinan, linear-1,5-a-L-arabinan (Megazyme), rye arabinoxylan (Megazyme), wheat arabinoxylan (Megazyme), and birchwood xylan (SigmaAldrich Japan). BSA was used as the control protein.
ITC analysis
The thermodynamic parameters of the binding of RjLG3-1 to arabinooligosaccharides including linear oligosaccharides (Megazyme) and , where R is the gas constant and T the absolute temperature. The standard binding enthalpy (DH 0 ) was assumed to be identical to DH under the experimental conditions employed.
Results

Expression of recombinant proteins
Ruminiclostridium josui Abf43A-Abf43B-Abf43C is a large modular enzyme with the following domain architecture: an N-terminal signal peptide, a LG3 module, a GH43_22 module, a LG3 module, a bacterial Ig-like module (Big), a GH43_26 module, a GH43_34 module, and a dockerin module (Fig. 1) . According to the Pfam database (http:// pfam.xfam.org/), LG3 modules (PF13385) consist of~150 amino acids. The amino acid sequences of LG3 modules from Geobacillus stearothermophilus endoarabinanase AbnA, Ruminiclostridium thermocellum SLH-containing protein and Bacteroides ovatus putative carbohydrate-binding protein were compared with the RjLG3-1 sequence because crystal structures of these LG3 modules are available in the Protein Data Bank (PDB). The amino acid sequence of RjLG3-1 showed relatively high similarity with that of the R. thermocellum SLH-containing protein but low similarity to the other two LG3 sequences (Fig. 1) . Since we expected LG3 to be a CBM, we focused on the characterization of the function of this LG3 module by expressing and purifying three recombinant proteins, RjGH43-1, RjLG3-1, and RjGH43_22. Purified proteins gave single bands on SDS/PAGE gels and their sizes were consistent with those calculated from their amino acid sequences (MW: 83 006, 37 739, and 50 084 Da) (Fig. S3) . Mutant LG3 proteins were also expressed and purified to near homogeneity, as observed by SDS/PAGE. These proteins were used for the experiments described below.
Qualitative polysaccharide binding assay of RjLG3-1 by native affinity PAGE RjLG3-1 migrated the slowest in a native affinity PAGE gel containing sugar beet arabinan when compared with the results of other native gels containing different arabinose-containing polysaccharides (Fig. 2) , showing that RjLG3 had the highest affinity for sugar beet arabinan. RjLG3-1 showed relatively high affinity toward rye arabinoxylan and low affinity for wheat arabinoxylan and linear arabinan. No affinity toward birchwood xylan was observed (Fig. 2) . In sugar beet arabinan, the a-(1,5)-linked arabinan backbone is highly substituted with arabinofuranosyl residues. Therefore, these results suggest that RjLG3-1 interacted with a-1,2-or a-1,3 -linked arabinofuranosyl substituents, that is, the LG3 module functioned as a CBM. This hypothesis is supported by the observation that RjLG3-1 showed an affinity for arabinoxylans but not for birchwood xylan.
Quantitative oligosaccharide binding assay of RjLG3-1 and its derivatives by ITC Since the results of the native affinity PAGE analysis indicated that RjLG3-1 has affinity for branched arabinan, we quantitatively estimated the interaction between RjLG3-1 and arabinooligosaccharides by ITC. As shown in Table 1 When the amino acid sequence of RjLG3-1 was aligned with the LG3 sequences of R. thermocellum SLH-containing protein, G. stearothemophilus AbnA, and B. ovatus putative carbohydrate-binding protein, two Trp residues and three Tyr residues were found to be completely or partly conserved in these sequences (Fig. 1B) . Therefore, these Tyr and Trp residues in RjLG3-1 were individually exchanged to Ala and the RjLG3-1 mutants were used for ITC analysis using 
Hydrolytic activities of RjGH43-1 and RjGH43_22
RjGH43-1 is a branched arabinan-specific a-L-arabinofuranosidase capable of releasing a-(1,3)-linked arabinose residues from sugar beet arabinan and more detailed characterization of this enzyme will be reported elsewhere. Here, we described the hydrolytic activities of RjGH43-1 and RjGH43_22 toward highly branched sugar beet arabinan and pNP-Af. As shown in Table 4 , specific activities of RjGH43-1 toward sugar beet arabinan and pNP-Af were 361.2 AE 3.3 and 5.79 AE 0.18 U per lmol-protein, respectively, and thus RjGH43-1 prefers the natural substrate. RjGH43_22 devoid of the LG3 module showed lower activity (109.3 AE 2.1 U per lmol-protein) toward sugar beet arabinan when compared with that of RjGH43-1, whereas they had similar specific activity toward pNPAf, indicating that the presence of the LG3 module in RjGH43-1 plays an important role for degradation of the natural substrate but not for the degradation of the synthetic substrate. Interestingly, the coexistence of RjGH43_22 and RjLG3-1 restored the slightly decreased activity toward pNP-Af of RjGH43_22 caused by removal of LG3; although, the activity of RjGH43_22 toward sugar beet arabinan was not affected by the addition of RjLG3-1. 
Discussion
Importance of CBMs in GHs is widely recognized for hydrolysis of various polysaccharides [2, 3] . Although strong associations between some GH43 modules and CBM6 or CBM13 were found [10] , there are few studies about CBMs adjacent to GH43 modules, for example, Bacillus subtilis arabinoxylan arabinofuranohydrolase AXH-m2,3 consisting of a GH43 module and a CBM6 was crystallized and its overall structure was resolved by X-ray analysis, whereas the function of the CBM6 was not assessed [19] ; the removal of CBM6 from Bacillus licheniformis Axh43A inactivated the enzyme, suggesting significance of the CBM for formation of the active enzyme [20] ; Cellulosilyticum ruminicola Xyn43A containing CBM6 was shown to have an affinity for Avicel [21] . Meanwhile, a CBM35 in a family-11 rhamnogalacturonan lyase has been recently found to adsorb to sugar beet arabinan as well as rhamnogalacturonan I [22] , suggesting that arabinanolytic enzymes have CBMs specific for arabinan. The name "laminin_G_3" is derived from the tandem five laminin G-like domains, LG1-LG5, located at the C terminus of the laminin a chain of laminins, a major component of the basal lamina [23] . According to the Pfam database, the family laminin_G_3 (PF13385) belongs to the concanavalin A-like lectin/ glucanase superfamily, which suggests that LG3 modules adopt a molecular structure capable of associating with particular carbohydrates. In addition, LG3 modules sometimes coexist with various GH modules including GH43, for example, G. stearothermophilus AbnA consists of a GH43_4 module and a LG3 module (Fig. 1) . The possibility that LG3 modules in modular GHs are CBMs motivated us to investigate the function of LG3 in R. josui Abf43A-Abf43B-Abf43C.
Native affinity PAGE analysis revealed that RjLG3-1 had the highest affinity toward sugar beet arabinan, moderate affinity toward rye arabinoxylan, low-affinity toward wheat arabinoxylan and linear arabinan, and no affinity toward birchwood xylan (Fig. 2) . This result is not unexpected because RjGH43-1 is a branched arabinan-specific a-L-arabinofuranosidase capable of releasing a-1,3-linked arabinose residues from sugar beet arabinan (unpublished result); that is, the substrate preference of the LG3 module as a CBM is consistent with that of the GH43_22 module. Although RjGH43-1 was not active toward rye arabinoxylan, RjLG3-1 did display moderate affinity for this substrate (Fig. 2) . This observation may be explained by the structural similarity between rye arabinoxylan and sugar beet arabinan. Recently, we have reported that R. josui Axh43B classified in the subfamily GH43_10 was active toward both rye arabinoxylan and sugar beet arabinan, demonstrating that the catalytic GH43_10 module can recognize branched arabinose residues on both arabinoxylan and sugar beet arabinan as substrates, that is, the conformation of arabinoxylan is similar to that of sugar beet arabinan [16] . These observations strongly suggest that RjGH43-1 recognizes branched arabinose residues in arabinosylated polysaccharides.
The ITC analysis using oligosaccharides and pNP-Af as ligands confirmed that the LG3 module was a CBM (Table 1). RjLG3-1 interacted with 3 2 -a-L-arabinofuranosyl-(1,5)-a-L-arabinotriose and pNP-Af with similar K a values, which suggests that RjLG3-1 can interact with a single arabinose residue. Nevertheless, RjLG3-1 did not interact with arabinose or a-(1,5)-linked arabinooligosaccharides. These observations suggest that RjLG3-1 recognizes not only an arabinose residue but also the surrounding environment around the arabinose residue, and an arabinose molecule or an arabinose residue at the reducing end of arabinooligosaccharides is insufficient for recognition by RjLG3-1. The p-nitrophenol residue in pNP-Af appears to be important for recognition by RjLG3-1. RjLG3-1 showed high affinity toward 3
2 -a-L-arabinofuranosyl-xylobiose and 2 3 ,3
3
-dia-L-arabinofuranosyl-xylotriose but no affinity toward 2 3 -a-L-arabinofuranosyl-xylotriose and 3 3 -a-L-arabinofuranosyl-xylotetraose. These observations also strongly suggest the importance of the surrounding environment around the arabinose residue for recognition by RjLG3-1. Most CBM-carbohydrate interactions are driven by favorable changes in enthalpy that partially offset unfavorable changes in entropy [2] ; however, binding of type-A CBMs to the crystalline surface of cellulose is entropically driven [3] . Binding of RjLG3-1 to 3 2 -a-Larabinofuranosyl-xylobiose and 2 3 ,3
3 -di-a-L-arabinofuranosyl-xylotriose were enthalpically driven, which partially offset the unfavorable changes in entropy, and this is in agreement with most CBMs reported [2, 3] . Conversely, although the main driving force of RjLG3-1 binding to 3 2 -a-L-arabinofuranosyl-(1,5)-a-L-arabinotriose was a favorable change in enthalpy, a favorable change in entropy was also observed, which suggests that the binding mechanism of RjLG3-1 toward different substrates may vary.
Sugar beet arabinan consists of a linear a-(1,5)-linked arabinose backbone, which has a single substitution mainly with a-(1,3)-linked L-arabinofuranosyl residues or a double substitution with a-(1,2)-and a-(1,3)-linked L-arabinofuranosyl residues [24, 25] . The preference of RjLG3-1 toward 3 2 -a-L-arabinofuranosyl-(1,5)-a-L-arabinotriose shown by ITC analysis (Table 1) is in good agreement with the native affinity PAGE results for sugar beet arabinan (Fig. 2) . Classification of CBMs in the CAZy database is based on their primary structure [1] . Boraston et al. [2, 3] proposed another classification of CBMs based on their functions. In this classification scheme, CBMs that bind to the surfaces of crystalline polysaccharides are classified as type A, those that bind internally on glycan chains are classified as type B (endo-type), and those that bind the termini of glycans are exo-type and classified as type C. According to this criterion, RjLG3-1 should be a type-C CBM, although RjLG3-1 did not bind to a terminal arabinofuranosyl residue of linear arabinan and arabinooligosaccharides ( Fig. 2 and Table 1) . Geobacillus stearothermophilus AbnA, a modular enzyme consisting of a GH43_4 module and a LG3 module (Fig. 1) , was reported to be an extracellular endoarabinanase capable of hydrolyzing the main arabinan chain of sugar beet arabinan to produce short branched arabinooligosaccharides and arabinose [26] . Crystal structures of full-length AbnA and the LG3 module with and without arabinooligosaccharides have been determined and registered in Protein Data Bank (PDB) (IDs: 5HO0, 5HO2, 5HO9, 5HP6, 5HOF, and 5HON), indicating that the LG3 module of G. stearothermophilus AbnA can associate with linear arabinooligosaccharides, which was not observed for RjLG3-1. AbnA is an endoarabinanase and thus this enzyme has a type-B (endo-type) CBM. Although both RjGH43-1 and G. stearothermophilus AbnA have a GH43 module, GH43_22 in RjGH43-1 shows relatively low sequence similarity to GH43_4 in G. stearothermophilus AbnA. Similarly, the LG3 module in RjGH43-1 has low sequence similarity to the LG3 module found in G. stearothermophilus AbnA (Fig. 1) . It is not unusual that CBMs in the same family have different binding specificities for polysaccharides and/or oligosaccharides. For example, CBM6s from R. thermocellum xylanase Xyn11A and R. stercorarium xylanase Xyn11A were shown to have binding sites that accommodated xylotetraose or xylopentaose, that is, they are type-B CBMs [27, 28] . The CBM6 of R. thermocellum arabinoxylan-specific xylanase Xyl5A has a binding pocket topology that recognizes the termini of xylo-and gluco-configured oligosaccharides [29] , and the CBM6 of R. cellulolyticum Gal59A bound to xylose and the nonreducing end of polymers containing xylose, showing that they were both type-C CBMs [30] . A CBM6 from B. halodurans b-1,3-glucanase bound to b-1,3-glucooligosaccharides [31] . The crystal structures of the LG3 module from R. thermocellum SLH domain-containing protein and B. ovatus putative carbohydrate-binding protein (Fig. 1) have also been determined (PDB IDs: 4QVS and 4DQA); however, the functions of these LG3 modules have not been reported.
Aromatic amino acid residues play important roles in ligand recognition and binding in many types of CBMs [2, 3] . Mutation of selected conserved Tyr and Trp residues in RjLG3-1 to Ala showed that mutation of Y133 and W152 abolished the carbohydrate-binding activity of RjLG3-1, indicating that these two residues are important in substrate recognition and binding. Since formation of hydrogen bonds is also expected when ligands bind type-C CBMs [29, 30] , additional site-directed mutagenesis and structural studies are required to further elucidate the function of the LG3 module.
The reported primary role of CBMs involves delivery of insoluble polysaccharides such as cellulose and xylan to structurally adjacent catalytic modules, which enhances substrate concentrations around the catalytic modules and thus ultimately increases the rate of catalysis [3] . Removal of CBMs from such modular enzymes severely affects their catalytic activity toward insoluble polysaccharides but not toward soluble substrates [32, 33] . Conversely, comparison of hydrolytic activities of RjGH43-1 and RjGH_22 toward sugar beet arabinan clearly indicated that the LG3 module in RjGH43-1 played an important role in the degradation of this natural soluble polymer substrate (Table 4) . Similar results were observed in a chimeric xylanase, that is, fusion of a family-2b CBM from Streptomyces thermoviolaceus xylanase II moderately increased the catalytic activity of Thermotoga maritima XynB toward soluble xylan [34] . Therefore, it is possible that CBMs in hemicellulases effectively function in the enzymatic degradation of soluble polysaccharides through a targeted effect.
In conclusion, the N-terminal LG3 module (RjLG3-1) in R. josui Abf43A-Abf43B-Abf43C was identified as a CBM capable of interacting with an a-(1,3)-linked L-arabinofuranosyl residues of sugar beet arabinan. This preference of RjLG3-1 was consistent with that of GH43_22, which suggests that the LG3 module and the GH43_22 module act on a common target in close cooperation. The LG3 module in RjGH-43-1 was an important CBM for the degradation of sugar beet arabinan.
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